Introduction
Cutaneous nodular disease in the horse is relatively rare and usually associated with arthropod bites, dermal hyperplasia, inflammatory or neoplastic infiltrates, drug reactions, deposition of amyloid and collagenolitic, or eosinophilic granuloma (Genovese et al. 2001) . Fungal infections in horses are rare in the UK, but more common in warmer, and humid geographical regions. Epidemiological studies in the USA revealed a prevalence around 0.3-2% among equine cutaneous nodular diseases (Scott and Miller 2003a,b,c; Valentine 2005) , figures similar to previous Australian studies (Pascoe and Summers 1981) . Phaeohyphomycosis is a general term covering subcutaneous and systemic infections caused by pigmented, melanised fungi (Seyedmousavi et al. 2013) . The ubiquitous, saprobic genus Alternaria contains several hundred species of melanised hyphomycetes recently divided into 16 distinct Alternaria sections (Woudenberg et al. 2013) . Although predominantly plant pathogenic, many Alternaria species have been reported occasionally as opportunistic human and animal infections, particularly in immunocompromised hosts (Seyedmousavi et al. 2013) . The most frequent clinical manifestations are cutaneous and subcutaneous infections, followed by keratomycosis and rhinosinusitis. In man, risk factors linked to cutaneous and subcutaneous infections include solid organ transplantation, Cushing's syndrome and immunosuppressive therapy (Pastor and Guarro 2008) . Cutaneous alternariosis is probably the main cause of feline infectious cutaneous nodular disease in the UK (McKay et al. 2001; Miller 2010; Seyedmousavi et al. 2013) . In contrast, few equine cases have been described in the literature (Coles et al. 1978; Cabanes et al. 1988; Dillehay and Silberman 1991; Genovese et al. 2001; Dicken et al. 2010) . Species within the Alternaria section Infectoriae are the most relevant clinical species within the genus, but have been rarely reported in domestic animals (Roosje et al. 1993; Pastor and Guarro 2008; Dedola et al. 2010; Miller 2010; Bernhardt et al. 2012) . To our knowledge, this is the first documented case of phaeohyphomycosis caused by a member of Alternaria section Infectoriae in a horse.
Clinical history
A 10-year-old Welsh Section B mare was examined due to the presence of progressive nodular lesions on the face of several weeks' duration. Two months prior to the eruption of the nodules, the mare had presented with small crusting papules on her face that resolved successfully following the application of miconazole nitrate and chlorhexidine gluconate shampoo (Malaseb) 1 .
Clinical findings
Upon examination, the mare was in a good body condition, bright and alert. Clinical examination was unremarkable, with the facial skin lesions being the only significant finding. Around 20 small (5-10 mm), nonpruritic, nonsupurative firm and alopecic intradermal nodules were noticed on the face (Fig 1) . Routine haematology parameters were within normal limits. Differential diagnosis included any form of cutaneous nodular disease, particularly eosinophilic granuloma, melanomas, amyloid deposits and dermal hyperplasia.
Diagnosis
The mare was sedated with 0.08 mg/kg bwt romifidine (Sedivet) (Fig 2a,c) . In one sample, pyogranulomas were centred on small fragments of plant material (Fig 2a) . Small numbers of negative staining PASpositive, nonpigmented septate fungal hyphae with nonparallel walls were identified (Fig 2b) , usually in the centre of the pyogranulomas, alone, or in association with the plant material (Fig 2a) . Plant debris was only present in the largest nodule.
Fungal culture, microscopy and molecular identification
Nonfixed tissue biopsies were processed at the MRL by chopping into 2 mm 3 sections, a proportion of which were examined by direct microscopy in the presence of Calcofluor after KOH digestion, as described previously (Borman and Johnson 2014) (Fig 3a) . The remaining sections were placed on slopes of Oxoid Sabouraud agar and incubated at 30 and 37°C for 2 weeks. Direct microscopic examination revealed numerous fungal elements, including branching, septate hyphae and spherical chlamydospore-like structures. All inoculum points grew the same expanding, felty, olivaceousgrey colonies, with septate, branched hyphae that gradually developed melanisation with age (Fig 3b) . The isolates showed in vitro susceptibility to voriconazole, posaconazole and itraconazole. Despite repeated subculture on various mycological media, genuine conidiation could not be detected. Confirmation of identity was achieved by PCR amplification and sequencing of a portion of the 28SrRNA gene (LSU) and the internal transcribed spacer region 1 (ITS1) (Campbell et al. 2006) , using fungal genomic DNA (Borman et al. 2010) . The sequences of the resulting LSU and ITS1 amplicons shared 100% identity over their 331 and 233 nt, respectively, with sequences in the public synchronised databases from the type strains of numerous Alternaria species (A. slovaca, A. conjuncta, A. viburni, A. himulae, A. merytae, A. graminicola, A. tritimaculans, A. novae-zelandiae), all of which are members of Alternaria section Infectoriae.
Treatment
Surgical excision of the lesions and oral potassium iodine was recommended; however, the owner chose a more conservative treatment with topical 1% clotrimazole (Canesten cream) 4 until the results of the culture were available. After 30 days of topical application of 1% clotrimazole cream s.i.d. and flattening of the lesions, but no remission, the owner agreed to surgical excision. A total of 10 lesions were removed and two very small lesions were left for continuing treatment with antifungal cream. Full resolution was achieved in all of the surgically excised nodules. The two remaining small nodules treated topically disappeared after 3 months, but one of them recurred after 6 months.
Plasma ACTH testing was subsequently performed (chemiluminescent immunoassay) 5 and the results 101 pg/ml (reference range seasonally adjusted <30 pg/ml: seasonally adjusted reference values [Copas and Durham 2011] ) were consistent with a diagnosis of pituitary pars intermedia dysfunction (PPID). Nevertheless, the owner declined the recommended treatment with pergolide for financial reasons. Follow-up examination 6 weeks later revealed a full resolution (Fig 4) , as well as ACTH activity within the normal range, 45 pg/mL (reference range seasonally adjusted <48 pg/mL: seasonally adjusted reference values [Copas and Durham 2011] ). The mare did not present with any other clinical sign consistent with PPID.
Discussion
The most frequently isolated fungal species in equine phaeohyphomycosis are Alternaria spp. and Drechslera spicifera. The disease in equids is primarily a dermatological condition; nonpainful, nonpruritic and rarely ulcerated with single or multiple black and alopecic subcutaneous nodules (Cafarchia et al. 2013) . Alternaria nodules show a characteristic circumscribed lesion with margins composed of mainly lymphocytes, but also neutrophils, epithelioid macrophages and a variable number of giant cells (Coles 1987; Kwon-Chung and Bennett 1992; Genovese et al. 2001; Dedola et al. 2010; Dicken et al. 2010) . Irrespective of pyogranuloma formation, which may occur in long-term cases, the cellular response driven by Alternaria spp. has a distinct lymphoid component (Seyedmousavi et al. 2013) . Eosinophils are rarely implicated, although they have been described in one case associated with embedded plant material (Valentine et al. 2006) . Indeed, eosinophilic inflammation is believed to be a characteristic feature of another equine dermatological condition; equine pythiosis (Miller and Campbell 1984; Scott and Miller 2003c differentiate from phaeohyphomycosis clinically, due to the size of the nodules, presence of pruritus and characteristic ulceration and discharge. The brown pigment displayed by phaeohyphomycosis microorganisms is not always observed on HE and/or PAS stains (Ramos et al. 1995) . The use of Fontana-Manson stain has been suggested to enhance the presence of melanin (Kwon-Chung et al. 1981) in Alternaria cases (Ramos et al.1995) . However, this stain is not speciesspecific as other fungi such as Aspergillus spp., members of the Mucoromycotina and Trichosporon spp., can also be positive (Gomez and Nosanchuk 2003; Guarner and Brandt 2011) .
Members of Alternaria section Infectoriae are commonly found colonising hard plant debris, particularly wheat straw (Andersen et al. 2009 ). Although rarely proven, cutaneous fungal granulomas in horses are thought to be predominantly caused by penetrating injuries with plant material or by secondary infection of traumatised skin (Scott and Miller 2003a, b,c; Valentine et al. 2006) . The lesions occur most frequently in the head, neck and shoulder; areas more likely to be rubbed against wooden fences or trees while eating (Valentine et al. 2006) . The fungi can then locally spread throughout the vascular or lymphatic system (Romano et al. 2005) , leading to progressive development of multiple nodules nearby, or can spread systemically, depending on the immunological status of the patient. In the present case report, the first nodule that was removed and the largest in size, showed plant material in the centre of the granuloma; however, no further plant material was found in the subsequent excised lesions. Although there is a possibility that the dematiaceous fungus could have been introduced at the time of previous skin disease, as described by Genovese et al. (2001) , the presence of plant material in only one of the lesions indicates that the inoculation of the fungus occurred, most likely, at this site. A compromised immune system seems to play a major role in human disease and in the only documented case of A. infectoriae infection in a dog (Dedola et al. 2010) . Despite the fact that steroid therapy and Cushing's syndrome are known risk factors in human patients, infection in cats and horses has not been associated yet with any underlying disease. In this case, the connection with PPID was controversial as the mare did not present any other clinical sign and the plasma ACTH activity returned to its seasonal level in 6 weeks with no treatment. The reasons behind disparity in the laboratory results in this case are unknown. Variations in resting ACTH concentrations have been described previously (Redekopp et al. 1986; Cudd et al. 1995; Rendle et al. 2015) . Usually, a repeat sample is recommended prior to initiating treatment in horses without evident clinical signs (Perkins et al. 2002; Rendle et al. 2014) . Pulsatile release of ACTH, exercise and stress could contribute to isolated increases in plasma levels (Church et al. 1987; Irvine and Alexander 1987; Alexander et al. 1988; Nagata et al. 1999) . Further, deterioration of samples in vitro may also alter the final results in plasma when centrifugation of the samples is not performed, or temperature during transport is not maintained (Rendle et al. 2015) . Given the wide use of steroid treatments in equine medicine and the relatively high prevalence of PPID in the equine geriatric population, it may be worth investigating these conditions in the context of Alternaria infections.
Diagnosis of fungal nodular disease commonly relies on cytology and/or histopathological examination that demonstrate the presence of fungal elements in the tissue. Two techniques are mainly used in veterinary medicine; biopsy and fine needle aspiration (FNA). Due to the size and number of lesions, biopsy seemed more appropriate for diagnostic purposes in this case. The limitations of FNA are related to the quality of the sample obtained and need for lesion removal independently of the cytology results (Knottenbelt 2009; Zacher et al. 2016) , therefore biopsy is usually preferred particularly for solid lesions (Scott and Miller 2003b; Knottenbelt 2009 ). Once the fungus has been identified in histological sections, microbiological culture of the affected tissue may be attempted. A. infectoriae isolates exhibit reduced or no conidiation in routine culture, rendering difficult the identification of these species (Pastor and Guarro 2008) . Morphological criteria have largely been replaced by the use of molecular techniques for the identification of rare pathogenic fungi, in which conventional phenotypic identification is difficult. Amplification of the ITS region with pan-fungal primers, followed by downstream sequencing, is therefore, a reliable method for identification of the two predominant clinical species (De Hoog and Horr e 2002) . A. alternata and members of A. section Infectoriae, are differentiated according to the length of the ITS1-4 amplicon, with the ITS spacer domain being c. 570 bp in the former species and c. 600 bp in the latter (Andersen et al. 2009 ). In the current case, fungal involvement was first confirmed by histological examination of formaldehyde-fixed tissue; however, identification of the causative agent was only possible after recovery in pure culture of the dematiaceous fungus from additional lesions of nonfixed tissue and subsequent rDNA gene sequencing.
Several treatments have been suggested to effectively tackle Alternaria infections including systemic/topical antifungals and surgical removal. Spontaneous remission is also a possibility (Scott and Miller 2003a,b,c) , although some lesions can persist for as long as a year (Valentine et al. 2006) . Antifungal drug susceptibility testing is useful, but not always clinically applicable in equine medicine due to the lack of commercial availability and prohibitive cost of the drugs. In vitro measurement of susceptibility accounts in most cases for 80% reduction in fungal growth and hosts factors seem to play a major role in clinical resolution (Bryne 2014) . In this case, clotrimazole gel was attempted as a local treatment and reduction in size of the lesions, but not full resolution was achieved. Clotrimazole is mainly fungistatic, but it can be fungicidal at high concentrations providing long exposure times (Iwata et al. 1973) . Absorption of the gel formulations in mucosal tissue has been shown to be minimal (Shadomy 1971; Iwata et al. 1973; Mathews et al. 2009 ) and therefore it is unlikely that penetration through the skin will reach fungicidal concentrations in the granuloma. Several clotrimazole cream/gel formulations for treatment of vaginal candidiasis (Ritter et al. 1982) in women are commercially available and sometimes used in veterinary practice, but there is no pharmacological data at the moment that supports the use in cutaneous granulomas. Reasonable success was achieved with topical treatment in guttural pouch mycosis and rhinitis in horses (Greet 1987) and it was suggested as potential therapy for candidiasis, dermatophytosis and malasseziasis (Scott and Miller 2003a) . Topical application of itraconazole has demonstrated satisfactory results in cutaneous cases in man (Pastor and Guarro 2008) ; however, it was not available in the UK at the time. The in vitro susceptibility profile of the current isolate was similar to a previous study (Pastor and Guarro 2008) . It should be noted that a significant proportion of Alternaria isolates exhibit significantly raised MICs to voriconazole in vitro but clinical failure is not rare (A.M. Borman, unpublished data). Surgical excision has been postulated as the treatment of choice for cutaneous fungal granulomas and alternariosis in the horse (Scott and Miller 2003c; Valentine et al. 2006; Schwarz et al. 2009 ) and it was also successful in this case. Other therapeutic options described in animals include thermocautery (Knottenbelt 2009) , and oral fluconazole combined with potassium iodine (Schwarz et al. 2009 ).
Conclusion
This case highlights the importance of molecular approaches for the accurate identification of fungal species implicated in equine cutaneous nodular disease and relevance of this identification for a successful clinical outcome. Nevertheless, histopathology remains of paramount importance as a first line diagnostic approach for nodular lesions. Although fungal infections may not be that common in the UK, they should always be considered in equine cutaneous nodular disease.
The current isolate has been preserved in the National Collection of Pathogenic Fungi (NCPF) at the MRL under the unique identifier NCPF 7884. The GenBank accession numbers for the corresponding sequences are LT160947 and LT160948.
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